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ABSTRACT OF THE DISCLOSURE "

A prmtmg plate film for printing stereoscoplc p1ctures
to be viewed through a vertical lenticular screen is pro-
duced by taking a stereoscopic camera negative through
a small aperture lens with a screen in front of the film.
The scene is scanned across the 1nterpup11ary angle with
a mechamcal scanmng camera. A projection . lenticular
screen is placed in front of the camera negative and the
latter is prmted through_a grid type halftone screen in

10

15

20

front of a printing lenticular screen and the sensitive plate -

film. A mechanical scanning printer. having a small aper-
ture lens produces “isoflags” on the. prmtmg plate film.
The height of the isoflags at any point is proportlonal to
the bnghtness of ‘the corresponding, original image; and

25

the. plate is. prepared from the plate film for printing the .

isoflags by any conventional printing method, such.as
letter press, grayure, lithography, etc. screen to re-estab-
lish the or1g1na1 scene as a three dimensional picture. .

" A method is also described wherein wide lens taklng
and pro;ectlon cameras are employed . .

CROSS REFERENCE TO RELATED APPLICATIONS

30

35

Wmnek apphcatlon, Ser No 525 572 ﬁled Feb 7

1966 discloses and. claims. a. projection printing process
using lenticular screens which. are. relatlvely inclined in
their respectlve_ planes m order to m1mm12e morre pat—

. 562 077 dlscloses the use of a low f/number
(w1de lens), non—scannmg camera for, taking stereoscopic
photographs usinig a. lénticular screen, and also discloses
how. to ‘convert the resultant. pseudoscopic camera nega-
tives into true (orthoscoplc) pictures. . . .

Meyer 2,914,407 teaches the productlon of stereo plc-

40

45

tures using polanzed picture halves viewed. through polar- "

ized glasses. A “halftone” line screen mterposed between

a reversed lentlcular ﬁlm and a negatlve to be copied, with

the llnes ‘of the screen perpendlcular to the lenticulations.
Howe 3,161,509 recognizes the ‘problems mtroduced in

50

attempts to_use ordinary halftone plate maklng processes e

for ‘stereo pictures. forfed with lenticular " screens, in
that an tnacceptably fine halftone screen is required, be-
cause if the width of a stereo dot approaches that of a
Ienticule the stereo ‘discrimination is small.. The squt1on

proposed is the usé of line halftones for printing the image G0

having 2" width only slightly smaller. than the width' of
the lentlcules and extending perpendlcular to’ the latter.
No scanning for the product1on of 1soﬂags with a regular
type halftone screen’ m prolectlon prmtmg 1s descrlbed

SUMMARY. OF THE: INVENTION

The ultlmate beneﬁt of thlS 1nvent10n hes in the produc-
’uon of a printing plate. resulting from a stereoscopic
camera and projection prmtmg technlque of the type
wherein a lenticular screen is employed in the takmg
camera, as well as in front of the ultimately printed pic-
ture, for v1ewmg the latter,

“ A’ printing plate is produced for’ makmg prmts which
give a true three dimensional, stereoscopic picture when
viewed through a lenticular screen. Printing plates of -
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this type have heretofore required the use of a very fine
halftone screen (e.g. 300 lines/inch). and .therefore
limited by commercial practice to the lithographic process,
and even so only a relatively few bits-of stereo informa-
tion are provided behind a lenticulation of the viewing
lenticular screen by each aperture in the halftone screen.

On the other hand the plates of present invention can

be letter press, gravure,.lithographic or other normal

printing plates since coarser halftone screens can be used

‘while retaining the full 3-D effect.

In accordance with thé present mventlon, the image
behind each lenticulation formed by hght passing through
an aperture in the halftone screen grid is a band or con-
tinuum of vertical line images. The continuum of i images
in each band that was behmd a halftone screen aperture

. and 2 lenticulation” during projection printing, will, for

sake of convemence, be referred to as an “isoflag. ¥ Fach
hne image in an isoflag represents a view of the orlglnal
scene from a particular scanning angle The scanning
angles for all lenticulations fotal to a viewing angle hayv-
ing a base line of a length comparable to or’preferably
greater than the interpupilary distance of the eyes. Scan-
nmg during both taking the picture and projection print-
ing it can be either mechamcal or optlcal (w1de lens
scanning).-

The vertical dimension (that along a lentlculatlon) of
each line image making up an isoflag is proportional to
the intensity and exposure time of the light projected
through the corresponding aperture in the halftone screen.

The process of making the plate film or plate copy
will not be described since the plate is made from the
plate film by known methods.

" The preferred method of forming a plate film bearing
isoflags involves the use of mechanical scanning taking
and ‘projection cameras. The original scene is exposed
through* a small aperture lens which exposes the nega-
tive through a lenticular screen. Both lens and the film-
screen sandwich are moved uniformly during exposure
at rates proportional to their respective distances from
the focal plane of the scene. The optics of the takmg
camera’ is such. that in sweeping through the scanning
angle, the-images formed by a central (optical axis) ob-
ject in: the camera focal plane fill a band of the camera
negative behind the central lenticulation.

. The camera negative is printed through a projection
lenticular -screen of the same pitch. as that used in the
taking camera. The plate film on which isoflags are to be
formed is placed behind a printing lenticular screen and
the latter, .in turn, is placed behind a' conventional grid
type halftone screen. The light projected -through each
halftone’ screen' aperture, as modified by the lenticular
printing screen, produces the isoflags during scanning.

Instantaneous taking and. projection cameras having
wide . lens can also be used to produce isoflags. The
camera lens should have large horizontal apertures, cor-
responding to the interpupilary distance between the eyes,
or preferably more for good three dimensional effect. The
taking. camera forms “pseudoscopic” negatives, that is,
negatives wherein near objects appear far away and vice
versa. However, a true or orthoscopic plate is produced
by selection of the projection printer optics.

" BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic flow diagram illustrating a proc-
ess’ for: printing three dimensional pictures under the
invention. ’
~FIG. 2is an optical diagram showing various critical
dimensions of a lenticular screen.

FIG. 2A is a diagram drawn to relative scale showing
the viewing angles and F numbers of variously propor-
tioned lenticulations.
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FIG. 2B is an optical diagram showing how a bundle
of parallel rays is acted upon by the screen and how .a
bundle of rays passing through the center of curvature
act.

FIG. 3 is a perspective diagram 111ustrat1ng the taking
of a three dimensional prcture

-FIG, 3A is a top edge view of a film and lenticular
screen assembly illustrating the incidence ‘of: various light
rays thereon.

FIG:. 3B isan optical diagram resembling that of FIG
3 illustrating the taking of a picture.

FIGS: 3C,:D .and E are greatly enlarged dragrams
showing the incidence of ‘various rays on a moving len-
ticular screen.. The: ﬁlm has been omitted in these views
for clanty

FIG. 4 is a schematic perspectrve didgram showmg the
projection prmtmg process.

FIG. 4A is an optical diagram of the projection prmt-
ing process showing the action of a single ray passing
through the center .of a.curvaturé of a projection lentic-
ular-screen intercepting a traveling lens at three positions.

FIG. 4B is ‘an optical diagram showing how ‘the len-
ticular screen gathers light from a single point on the film
for - passing through a projection lens. The lenticular
screen: normally used in the projection process -of the
present invention is not shown in either FIGS 4A or 4B
for clarity.-~ -

FIG. ‘5 is an optlcal diagram showmg the. prmtmg
process illustrated in FIG. 3.

FIG. 5A is an enlarged fragment of the optical dragram
of FIG. 5 with the projection lens 21 at the left of. its
travel.

FIG. 5B is a greatly enlarged fragmentary portion of
the diagram of FIG. 5A.

FIGS. 5C and 5D are views like those of FIGS. 5A .

and 5B but with the projection lens 21 at the right hand
of its travel.

FIG. 6 is an optical diagram showing the visual regis-
tration technique for registering a lenticular screen with
a film contammg stereo information.

FIG. 7 is a perspective illustrating a v1ewmg of a
stereoscopic picture.

FIG. 7A is an optical diagram provided for. 1llustratmg»
the prmcrples of how a stereoscoplc picture is formed.

FIG. 7B is an enlarged version of the optical dragram
of FIG..7A showing certain individual lenticulations of
the screen.

FIG. 8 is a schematic diagram showing a conventronal

prmtmg process using a fine, halftone screen for produc-

ing a plate negative that contains stereoscoprc informa-
tion.

FIG. 8A is a plan view of the negative produceduby the .

conventional printing process of FIG. 8.
FIG. 9 is a perspective diagram illustrating the effect
of a lenticulation on a bundle of light rays.

FIG. 10 is an enlarged optical diagram 1llustratmg the.

effect of a 100 line halftone screen on light rays- of various
degrees of brllhancy

FIG. 10A is a plan view of the image of the screen
shown in FIG. 10.

FIG. 11 is a view like FIG. 10 showing the combma—
tion of the halftone screen and a lenticular screen.

FIG. 11A shows the image produced in FIG. 11. . ..

FIG. 12 is an optical diagram showing the production
of an isoflag from a film section that has a graded area
of brightness.

FIG. 13'is a schematic diagram hrghly stylized showmg

how the isoflags may assume various: shapes dependmg'
70

upon the objects depicted and their brilliance.
FIG. 14 is a highly enlarged presentation of the 1soflags

on @ 100 line lenticular screen where the 1llummat10n was

predommantly dim:

FIG. 14A is a view like 14 where the 1llummauon wasf
75

predominantly bright.
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FIG. 15 is a fragmentary enlarged section: showing
film: and screen holder of a projection camera embodymg
the -invention.

~FIG. 16 is.a perspecttve dlagram of a pro;ectron camera
suitable -for carrying out. the process of the present in-
vention. ..

FIG. 17 is an optlcal dlagram showmg the exposure
ofa pseudoscoplc negative with an instantaneous camera.

FIG. 17A is-an enlarged optrcal diagram at. the camera
negative.. .

FIG. 18 is an axillary compressed optlcal dragram like
that of FIG. 17, showing additional ‘principal rays.

~FIG. 19-is an optical :diagram like 'that of *FIG: 17
showmg an' instantaneous..projection ‘printer.’

FIG. 19A is-an enlarged diagram: similar ‘to. FIG 17A
showing the-camera: negatlve the. prmtmg plate ﬁlm and
the halftone screen.: g

“FIG. 20 is an enlarged, -axially: compressed optxcal
d1agram of the printing process shown in FIG 19 show-
ing additional principal rays.: :

FIG:. 21 is a schematic diagram ﬂlustratmg the v1ewmg
of . a “stereoscopic - print made from ‘the* plate ﬁlm of
FIG. 19.

DETAILED DESCRIPTION e

The detailed- descrxptron of the: mventron whxch follows
will: begin with a description: of :a sequence of  operations
from' the -taking. of the stereoscopic:picture -(the word
stereoscopic to be hereinafter-abbreviated as “stereo” for
simplicity), to the. vrewmg of a halftone reproductton of
that picture.

The sequence to be descnbed wxll be relative to a series
of steps for makinga stereo -picture, which sequence
represents only one of several techniques available for
taking advantage of the printing plate film making process
of the present invention. Except for an initial block dia-
gram of a system embodying the invention; -it will be
found that the description initially Tuns through a-series
of operations necessary for the reproductlon and viewing
of stereo plctures as photographs; in' order to- establish
certain prmcrples relative to the' phenomena of lenticular
screens in stereo photographs. Knowledge of these phe-
nomena is necessary for ready undetstanding of the i inven-
tion in' the halftone printing aspects of this invention.

Following the description of the principles of stereo
lenticular . screen photography:-is “a description of the
principles of a_halftone reprodutcron process embodying
the present invention, followed by a _diagram of a scan-
ning camera suitable for carrymg out the invention,

The nature. of the drawing in the discussion that fol—
lows is necessanly schematic and stylized. Also, because
of ‘the vast discrepancies in distances and dimensions in-
volved, e.g., the camera to object distance as compared
to the: width_ of ‘an mdmdual lenticulation 'in’ the steréo
screen, true scale cannot’ be mamtamed in the drawmgs
if information as to the 1nvent10n is to be visualized. Tt
is also to be understood” that as to_the constriiction’ and
optics ‘of various cameras, prmters and so forth that are
necessarrly involved in- practlcmg the invention; no attempt
is. made to give working drawings or, the like .to.these in-
struments. Once principles are known, ‘the. present inven-
tion can be translated by those skilled . in - the- optical
camera, and printing arts. into. commercially usable ma-
chines. without employing anything more than the skill of
the calling. Any.special features of these optical instru-
ments peculiar-to the present-invention. will be presentedv
to. the.extent necessary to - enable:.one:skilled in the-art
to .construct an actual.device.. Were-it not for: this ap-
proach the.. invention . would. be .concealed. byi.a. large.
mass . of matenal already in the prror art. -

o SYSTEM DIAGRAM

“FIG:-1°1s a“block' dragram ofa system embodymg the
invention, - the ‘sequetice’" of - steps belng ‘donducted” by
dashed flow arrows. The first stép is to take a stereo pic-
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ture through a lenticular screen. In the system to be
described in detail as illustrative, this involves the use of
a scanning camera indicated generally at 10, and shown
diagrammatically in FIG. 16. The camera has a small
aperture lens 11 and incorporates a lenticular screen 12,
which will be referred to as the taking screen. The taking
screen abuts the camera film 14-and focused on the film
is an -intermediate object A, there also being a: more
‘remote object B and a near object C, the presence of
which will be employed to illustrate the principles of
the stereo photography involved.

In the example to be described in detall the taking

lenticular screen 12 will have 100 vertical lenticulations
to the inch, which will be referred to for convenience, as
a 100 line screen, each line, of course, referring to an
individual lenticulation. Each lenticulation acts as a
miniature cylindrical lens, and in the example being given
the f/number of the lenticulations of the taking lentlcular
screen 12 will be given as f/4. :
- The taking camera film is developed to form a nega—
tive, also indicated as 14 and the next step is to register
the negative 14 with a lenticular. projection screen indi-
cated at 124. The manner in which this registration can
be effected will be described briefly as the discussion pro-
ceeds. The lenticular screen 124 must have the same pitch
as the taking screen 12, that is, it. must be a 100 line
screen, in the example being given. The f/number of the
projection screen 12q need not be the same:-as that of the
taking screen 12, but in the example it will be assumed
‘that the projection- screen 12a also has an f/number of
f/4. The “registration” referred to is simply the posi-
tioning of:the projection screen 124 on the stereo nega-
tive 14 so that the boundary lines between lenticulation
images on the negative 14 coincide with. the boundary
planes  between: the lenticulations . of the pro;ectlon
screen 124.. -

- After registration; the pro;ectron screen. 12q is taped
or otherwise fixed in position-to the negative 14: and
placed in a projection printer 20 in order to make an
isoflag print through a halftone screen." The projection
printing camera 20 has a lens 21 which projects images
from: the screen-negative assembly 124, 14 through a
halftone screen 16- and.through a printing: lenticular
screen 12b onto the print film- 14a. As will be described
in detail ‘presently; in the embodiment under illustration
the printing camera 20 is a scanning camera; in that both
the lens 21 and the screen-film assembly: 16;:12b, 144 are
moved . synchronously: during. exposure,: The printing
screen 12b need not be of the same pitch as-the projection
screen 12a. For example, instead of-being’ a -100-line
screen, the screen 12b could be'a 150 line screen: In the
example being given, however, it will be assumed: that
the printing screen 12b is a' 100 line screen: and: that its
f/number is f/4. In.the projection printer;” an isoflag
print is made which contains all- the stereo-information
necessary: for the production: of a stereor-printing press
print that gives the same stereoscopic: view. as that given
by a stereo photograph when vxewed through a lentrcular
screen.

After completron of the pro;ectlon prmtlng operatron,
the print film 14q is developed and then used in accord-
ance -with. conventional- commercial. printing practice’ in
order to make a halftone printing plate. This printing plate
includes the isoflags that contain all the steré informa-
tion necessary to give the desired.effect from the final
print.- The halftone plate 14b is then transferred to a
printing press, illustrated in highly diagrammatic form
at 22, and prints 18 are procduced. In order to view the
prints 18 stereoscopically, it is first necessary to register
each print with its individual viewing lenticular screen
and bond the screen and print together. The viewing screen
12¢ must hve the same pitch as that of the printing screen
12b. However, the f/number of the lenticular. viewing
screen 12c¢ can be different than that of the projection
screen 12q. For example, if the printing screen 125 were
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a 150 line screen, then the lenticular viewing screen 12¢
would also be a 150 line screen, but in order to provide a
wider viewing angle the f/number of the viewing screen
12¢ could be f/2. The smaller f/number also results in a
lenticular screen which is thinner, an 7/2 lenticular screen
being only half as thick as an f/4 screen with the same
number of lines per inch. A thin lenticular viewing screen
is particularly desirable in case the stereo print is viewed
in a book, magazine or the like, as illustrated in the
last step of the diagram of FIG. 1.

As will be described in detail, even though the half-
tone screen 16 employed during the projection printing
step need not be an unusually fine mesh screen, the for-
mation of isoflags during the projection printing: process
insures that all of the necessary stereo information is
present in the print 18 and hence, when the picture as-
semblage 18, 12¢ is viewed, a good quality stereo pictire
is presented.

'PROPERTIES OF LENTICULAR SCREENS

FIGS. 2, 2A illustrate various properties of lenticular
screens involved in the present invention. In- addition,
reference is hereby made to the patent to Winnek 2,562,
077, incorporated herein by - reference, for. further
explanations of the technology involved in lenticular
screen stereo photography. It is contemplated that these
screens are made of a transparent, flexible plastic mate-
rial having an-index of a fraction r in order of 1.5. Ma-
terials suitable for these screens are polyvinyl chloride,
polyethylene, acrylics, and many others with suitable
optical properties.

Fundamental formulae of these screens are given at the

left of FIG. 2 and their derivation is familiar to those
skilled in. the art. The viewing angle “a” requires some
explanation. Referring to the diagram of FIG. 2, which
is a greatly enlarged fragmentary section of a lenticular
screen 12 viewed from its top edge, the screen can be
considered to be formed of a series of cylindrical lenses,
having-a cylindrical outer surface 26 and a planar inner
or. back surface 28. The dotted lines 30, indicate hy-
pothetical boundaries between each of the lenticulations.
The radius of curvature R and the index of refraction »n
are selected so that the focal plane of each lenticulation
for parallel light rays is at the rear surface 28 of the
screen. The viewing angle “a” is bounded by the extreme
rays passing through the center of the radius of curvature
R of the screen and terminating at the junction of the
lenticular edges 30 and the rear of the screen 28 as
shown, These rays are normal to the surface 26 and hence
are not refracted. Each cylindrical lens or lenticulation pro-
vides a unique picture element containing a continuum of
stereo- information images across the rear face 28 there-
of, and the viewing angle a within which the information
behind each lenticulation can be seen is defined by the
extreme rays passing through the center 27 of the radius
R and extending to each of the “corners” of each lenti-
culation, these corners being the intersection of the hy-
pothetical boundary planes 30 and the rear face 28 of
the screen.
FIG.2A is a diagram of two lentlculatxons, various
surfaces_ thereof being drawn relatively to scale, The pur-
pose of this diagram is to indicate the physical dimensions
of. the lenticulations in relation to their f/numbers, and
also indicate the corresponding viewing angles q. The
index of refraction is assumed to be equal to 1.5, and it
is believed that diagram 2A is self-explanatory.

FIG. 2B illustrates certain properties of the lenticular
screen . with the lenticulations. thereof acting as lenses.
At the left of FIG. 2B, parallel bundles of rays G and H
are; seen entering adjacent lenticulations at divergent
angles, In this, and in other views the mythical boundary
planes 30 between lenticulations is drawn in solid lines for
simplicity of illustration, it being understood that the
screen is actually one solid sheet of transparent material.
All of the parallel rays of bundles G that are encom-
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passed-by one lenticulations will come to focus at a.point
G’.behind that lenticulation (neglecting aberrations). The
point G’ also intercepts a ray passing through the center
of curvature: 27, shown in dashed lines. The bundle-of rays
G:is also shown as including a ray G1 which strikes an
adjacent lenticulation. ‘This ray will be refracted'and. strike
a base of the screen: 28 at a point G1’ behind that lenticu-
lation. The points G both occupy the same-relative-posi-
tions on the lenticulation bases 28. Similar considerations
can be applied to the bundle of rays.H strlklng the screen
at a different angle of incidence.

‘At the right of FIG. 2B, a series of dxvergent rays is
shown, all passing through the center.27 of. the radius
of curvature R of the .screen. ‘The. series of - STays. J
includes a number of rays which lie within the viewing
angle- ¢ of FIG. 2. These rays are all- unrefracted, and
all but one falls within the width w-of the base: of-the
lenticulation at the base. 28. One. of these rays J1 diverges
from a normal ray, through center.27 by an.angle greater
than half .the viewing angle a (which is.assumed. to be
28° in this example), and hence. passes.right -through
the lenticulation just referred to.and terminates at the base
of an adjacent lenticulation at point J1'. Thus, the point
J1’ would be viewed only.along the line J1; or along. a
nearby parallel line .emerging- from the: same_lenticula-
tion, or.at a different. angle through an adjacent lenticula-
tion.as shown by-J1”. Thus,-although-light passes through
the. outer -surface 26 of one lenticulation, the.image is
sometimes at the base of another. The lenticular screen
illustrated in ‘FIG. 2B in an f/2 screen.

The point to be made relative to the present mven~
tion in FIG. 2B is that as indicated in the left-hand figure,
if one were looking into a screen at a given-angularity,
ie. with one eye as long as that angularity is-maintained
within the width of a lenticulation, the viewer will always
see one uniquely -positioned point in back of a.given
tions ex1st whether light 1s incident upon or emanating
the screen at varying degrees of angulanty, the back of
‘the screen would be scanned. Of course, 51m11ar condl-
from the back of the screen. o

TAKING A STEREO PICTURE

FIGS. 3 to 3E illustrate the principle of one mode
of taking a stereo picture. In the. technique to be de-
scribed, the picture is taken with a scanning.camera hav-
ing a relatively small aperture lens (about f/50) although
generally speaking, the nature of the taking camera is
not critical to the present invention. For example, a wide
lens camera such as that disclosed in the aforesaid Winnek
Pat. No. 2,562,077 could also be employed for takmg‘
the plcture and makmg the stereo print 14q as descnbed
later.

The principle of producing a stereo picture can be sum-
marized by stating that a picture is taken so that the
images “of the object field from the different VIewmg
angles are recorded at unique posmons on_the film in
back of the lenticulations resulting in a contmuum of‘
pictures-and the viewer of the final picture in turn sees

only two of these different pictures at any time’ w1th the"

particular pair of picturés seen varying as ‘the ‘viewer

moves his"head back and forth laterally relatlve 6 ‘the
pxcture One of ‘the pr1nc1pa1 purposes of this mventlon'.

is't0 retain as much as possible of this discrete informas
tion, in the printing press reproduction of stereo’ plctures

‘Referring to FIGS: 3 and 3A, the lenticulations of

the' takmg lenticular’ screen 12 have been arbltranly
numbered in accordance with a system wherein’ the center
lenticulation i 0,
screen ‘the lenticulations ‘are “dssigned positive “‘humbers

counting to the- left and negative numbers” counting "to’

the ‘right. Thus, with a- 100 line screen, a 1énticulation

#4-116 ‘would be-1.16 inches to the left of ‘the:center’
(lenticulationi’” #0) -and - lenticulation #—175" woulﬂ bei _
T8

1.75 inches to the right of the center of the screen:

and when" looking - down “on" ‘the’
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“In- FIG. 3, :a-convention is adopted wherein three
objects :A;-B.and:C are exposed:along the principal or
central axis of the picture plane: It will be assumed that
object:A ‘will:be-the point of interest-and that the camera
isfocused on object A: Stated:differently, if a viewer
focused::on A-and moved ‘his head from side ‘to:side,
his views -of ‘objects: B and -C would move relative:to ‘A,
and:in ‘opposite’ directions. .Lines emanating" from: these
objects..at various angles of “incidence from the :central
picture axis are indicated as (A), (B), and . (C), and
these lines are shown' at several posmons .of the camera
lens-and film. - :

-The: convention “is further adopted that the nnages
of thexincident: light rays of: the: various objects (in or
out ‘of focus); are given-circled numbers. Each of. these
image points is unique, representing the image .of an:ob-
ject.at one and only one position of the screen.and- film
assembly.and -of .the lens.:During exposure of the picture
with the taking camera 10, both the lens 11 and the film
and:screen: assembly 12-and 14.-are moved. laterally. at
linear .rates which bear a constant.ratio- to.each other
(see -the .notations. on FIG. 3B). -As the picture is taken,
the images” from .a :given. object not -in- the .plane--of
principal = focus - are -successively - formed . on adjacent
lenticulations: from one-side: of -the: screen to the center
of the screen:and then-onto the-other side of the screen.
The, lentxculatlons, functioning :as indicated in FIG. 2B,
render: the images.behind each lentlculatlon umque, and
generally non-superimposed

FIG.:3A is-a diagram: of the ﬁlm and screen assembly
12, 14 drawn on a larger scale, showing-all of the images
1 to 7 produced by ‘the scanmng camera and mdlcatlng
the objects from which these images emanate.

FIG. 3B is an optical diagram showing-the: 1nformat10n
illustrated. in: perspective in FIG.-3 and also:giving dis<
tances . involved ‘relative - to .the -objects;: the scanning
camera’ lens and screen travel:. These-distances:are given
merely: by .way:-of -example ‘and given for. purposes of
explanation. - The: distances: of ~lens ‘and -screen travel
depend: upon 'the: distance. fronythe lens:to the principal
(focused) object A, as well-as the distance between the
screen and“the lens and the f/number of the screen. As
will; be ‘seen (FIG: 16)-.assuming. a distance.to the
principal object+A, and a lens -spacing:from-the-screen,
film combination ‘12, 14 a:-camera can.be.made to:scan
the view by. employmg a simple-rack-and pinion assembly.
In:this 4and: in other.views, the léns is‘shown as.a simple
double convex léns. If :more complex: lenses.were: used,
the -optical center. of the lens assembly: - would form the
reference plane for distince measurements. i+

Optncally, when the film and screen are.at the 1eft or
point X in.FIG. 3B, the rays (C) from the near. object
C dre.directed by a. lentxculatlon to ‘the film, at.a_point 1
which, is in the. left half of the film: the ray (A) from
the’ prmcxpal ob]ect A will be focused on the film at point
2, which is under lenticulation #0 at the optlcal centef
of the film; and’ the ray . (B) from the remote ‘object B
will be 1maged at point 3 on the right half of the film. At
the Y position of Ahe screen and film which is along’ the
ial _or plcture axis, the' rays (A; B, 'C) from all three
A, B and C' (if nedrer objects do not eclipse those
behmd ~them), WllI be imaged by the center lénticulation
#0° ort"'the’ same spot, point 4. At the right hand position
Z ‘of ‘the* film; conditions 'will be ‘symmetrically reversed
from' those' of posmon X,'in that points 5, 6 and-7 repre-.
séiit"the’ images of rays from objects' B, A’ and C, respec-
tively, ‘and-positionally complementary to pomts 3 2
and-1; respectively.

«In ‘order'to’ understand ‘the sxgmﬁcance of -the optlcal
dia”grams of* FIGS 3 and 3B a series of enlarged explana-
tory views of thescreen is presented in FIGS. 3C,'D and
E. In these ‘figures,the film has beén: omitted for clarity
and-only lenticulations under-discussion are shown. The'
size- ‘of -the lenticulations has- been éxaggerated ‘in- these!
figures' for purposes of illustration.’ Reférring to F1G: 3C€
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it can be seen how the ray (C) images at point 1 passing
through lenticulation #4174 and continuing on into the
base portlon of lenticulation #--175. The principal ray
only is shown here, that is the ray that. passes through
the center of curvature of the surface 26 of the lenticula-
tion. This is true in the other illustrations in these figures,
but the aperture of the camera lens 11 is so small, that
other rays from a given object come. in almost parallel
and image at the same point, as seen at the left of FIG.
2B. It will be noted that the image represented by point
1 is near the right hand edge of lenticulation #--175.

The rays (A): will be focused by lenticulation - #0
at point 2 at the left hand edge of the base of that lentic-
ulation. The rays (B) will be focused by lenticulation
#-116 at a point 3 near the left hand- edge of the base
of that lenticulation.

FIG. 3D merely illustrates what has been mentloned
previously, namely when the screen 12 is on the normal
or picture axis, the rays (A), (B) and. (C) image at the
center of lenticulation x#o at point 4. This figure also
illustrates the position of image 2 of object A that was
formed when the screen was at the left-hand position X
during exposure.

FIG. 3E is a third enlarged diagram showmg the screen
at position Z and now it can be seen in more detail how
the rays (B), (A) and (C) are imaged at points 5, 6 and
-7, respectively. FIG. 3E likewise mdlcates, for purposes
of orientation, the pos1t10ns of the images 1 to'4 formed
on the film at the previous posmons X and Y as pre-
viously described.

It can be seen from the exammatxon of FIG 3 that
at a given film and lens position, a nearer object such. as
C will always have an incident angle in one lenticulation
greater than that of an object such as B further from
the camera, and that the images occur behmd dlﬂ'erent
lentlculatlons :

PROJ ECT’ION PRINTING

: In accordance w1th the plan- of thls explanatlon the
projection printing process illustrated: in.perspective in
FIG: 4 will first be explained in connection with a process
wherein isoflags are not formed, that is, when the halftone
screen 16 (FIG. 1) is omitted. from its position at the
printing screen and the print film. Production of isoflags
by the halffone screen will then be explained. -~

" The printer 20 includes a scanning camera which oper-
ates in accordance with the same general principles as the
scanning. picture taking camera 10, and a s1mp11ﬁed per-
spective diagram of the printer appears in FIG. 16, The
same principles of construction can be used in deSIgmng
the picture taking scanning camera 10, .

As previously described in connection’ thh the block
diagram of FIG. 1, before projection printing under the
present invention a projection screen 12a, which must be
of the same pitch as the taking screen 12 (a 100 line
screen in the example being descmbed), is registered with
the developed negative 14 made by the taking camera.
This assembly is illuminated by conventional means shown
schematxcally in the form of a lamp 34 and a light diffus-
ing plate 36, FIG. 4. The pnnter lens 21 which scans. the
takmg camera negative 14 and its lenticular screen 12a
is another small aperture. lens (e.g. about f/50) and is
moved at a predetermined rate selected in accordance
with the physical distances involved between the two films
and the lens, the lens aperture, sensitivity of film 14a,
etc. to provide the desired exposure for printing behind
each lenticulation of the printing screen, 12b. As men-
tloned the pitch of the printing screen . 125 need not, be
the same as that of the projection screen 124 because a
new picture of the taking camera negative 14 is now be-
ing made. However, for simplicity of illustration, it will
be assumed that the printing screen 125 is also a 100
line screen. In the projection printing operation the scan-
ning process is such that the small aperture lens 21 suc-
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cessively scans images behind each lenticulation of the
projection lenticular screen 124 and focuses these images
on the lenticular printing screen 12b. The latter duplicates
the array of images behind each lenticulation of the nega-
tive 14 on the print film 144, thereby making a true or
orthoscopic stereo print, .

FIGS. 4A and 4B illustrate some of the principles of
the scanning type projection printing described, these
views omitting the lenticular printing screen 125 for pur-
poses of initial explanation. FIG. 4A shows how principal
rays passing through the center of curvature of a given
lenticulation but emerging from the taking camera nega-
tive 14 at different angles relative to the picture axis will
strike-the plane of the print film 14« at different positions
along the lateral extent of this plane. It will be noted that
these principal rays cross at the center of curvature of
the lenticulation illustrated, so that the order or sequence
of both sets of images, as viewed from in front 14 or 14a
is unchanged. Thus if the film 14 is orthoscopic, the film
14a will be also, insofar as the relative positions of the
images is concerned. ’

FIG. 4B illustrates the principle previously mentioned
in connection with the left-hand diagram of FIG, 2B. As-
sume a given angularity of the principal ray passing
through the center of curvature 27 of a lenticulation in the
projection screen 122. Light from a point image on the
camera negative 14 from which said ray emanates will
be collected by the overlying lenticulation and projected
as a bundle of parallel rays. This bundle of rays will, in
turn, be focused by the printing lens 21 onto the print
film 144, as an image of the original point being described.
The aperture of the lens 21 is so small (e.g. /50) that
the convergence of the rays leaving the lens 21 is insig-
nificant (e.g. about 1 minute of arc total angle) so that
the action of the printer can be explained on the assump-
tlon that these rays are actually parallel.

" FIG. 5 is an optical diagram corresponding to the per-

‘'spective -of FIG. 4 illustrating the geometry of making

the projection print. In the example given the distances
between the projection screen 124 and the scanning lens
21 and the printing screen 12b and that lens are assumed
to equal 27.7 inches. The convention, relative to number-
ing -of point. images previously adopted, is repeated in
FIG. 5 and succeeding pictures except that the image of
point- 1; for example, on the taking camera film is given
the number 1a on the projection film. FIG. 5A presents a
portion of the optlcal diagram of FIG. 5 drawn to slightly
larger scale and is self-explanatory. Only principal rays
appear in FIG. 5A, but, as mentioned the lens 21 has a
small aperture and hence other rays making up the images
1a; 2a, etc., can be assumed to enter the lenticulations of
the projection screen 125 as parallel rays.

FIG.. 5B is a greatly enlarged, non scaled diagram
showing the phenomena illustrated in FIG. 5A. The image
1 from object C is projected by the lens 21 onto lenticula-
tion.#-+174a and is focused at the base of #+-175a as

an. image 1a. The image point 2 from the picture plane

object A is also aligned with center of curvature 27 of
its lenticulation #0 and the center of the lens 21, and
hence appears as an image 2a at the left edge of lenticula-
tion. #0a of the projection printing screen. The same con-
ditions relative to the camera negative image 3 and its
print 3q for the remote object B, likewise obtain.

" As indicated at the projection screen portion of FIG.
5B, llght rays will also be projected from points 7, 6, 4
and 5 in the direction from which these images were made
in the takmg camera 10 as well as in other directions (not
illustrated). However, in projection, these latter rays miss
the aperture of the projection lens 21 and do not reach the
prmtmg screen and film. The conditions are just as if the
images 7, 6, 4 and 5 were not present in the particular
film and printing screen position of FIG. 5B.

FIGS. 5C and 5D correspond to FIGS. 5A and 5B
just described, but with the printer elements disposed at
the righthand position of their scanning motion. As seen
in these figures the taking camera negative points 7, 6
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and § are those which are aligned with centers of curva-
ture 27 of lenticulations in the screen 12¢ and with the
optical center of the projection lens 21. Hence these
points form images 7a, 6a and 5a, respectively, on the
print film 14a. The other images on' the taking camera
negative 14 are not “seen™ by the projection lens 21 in a
manner which will form images on the print film 14a.
As the result of the projection printing process just de-
scribed, a true or orthoscopic’ stereoscopic positive print
14a is formed, which is'a geometric and optical duplicate
of the taking camera negative 14 shown in FIG. 3A; €xcept
that the film 144 is a positive instead of a negative and,
hence, would be suitable for stereoscopic viewing.: Al-

10

though described for a 1 to 1 size ratio and for a-100 line *

per inch printing screen, the normal range of enlargements
and reductions can be made and printing screens--with
other numbers of lines per inch can be used.

 VISUAL REGISTRATION TECHNIQUE \

FIG. 6 illustrates a v1sua1 registration technique for in-
suring that the required registration between a lenticular
screen and either a film being projection printed or-.a
print being viewed is provided. In FIG. 6 the registration
technique is illustrated relative to the taking camera film
14 and the prOJectlon screen 12a. As previously. explained,
principal rays passing through the center of curvature 27
of each lenticulation will pass through the lenticular screen
unchanged, that is, without refraction because the .angle
of incidence with the curved face 26 of the lenticulation
is zero degrees. Points p and g have been selected at the
base of the screen 124 as reference points and. these points
are assumed to be at the geometrical margms (planes.30)
of the lenticulation being considered. If the viewer changes
his angle of view over an angle pg but still Tooks (pref-
erably with one eye) through the center of curvatire 27
of the lenticulation, the viewer will see corresponding
points p and g at the base of the lenticulation and all
points therebetween, due to the cylindrical lens action of
the lenticulation, previously described. Of course, the
points p and g and all those therebetween represent actual
images taken by the taking camera 10 (or projected by
the printer 20) and can all be considered to represent
viewing the same “picture” from a slightly different angle,
within the range of the v1ew1ng angle “a” (FIG:. 2). In
fact, it is this property which in the final screen assembly
gives one of the stereoscopic effects.

If the picture is tilted on a vertical axis, or the v1ewer

moves his head through the angle represented by the vari-

ous views between p and g, objects in the background will
appear to move relative to the picture plane object in one
direction, and those in the foreground appear to move
relative to the picture plane object in the opposite direc-
tion. If the angle of viewing exceeds that betwéen p and'g
(the viewing angle) the principal rays pass through the
central lenticulation and onto the base of an adjacent
Ienticulation. For example, if the viewer moves his head
from point ¢ to point p’ he now sees an image p’ at the
base of an adjacent lenticulation, which point has the
same relative position in that lenticulation that-the point p
had in the central lenticulation. The same remarks apply

to the viewing picture through the angle p’’ and:¢”’. This’

changing picture seen from p to g, in effect, repeats itself
from p’ to ¢’ and from p”’ to ¢”’. As the viewer’s line of
sight passes from point g to point p’ the boundary plane
30 between adjacent lenticulations is passed by the line
of sight and the picture “flips.” As mentioned, the new
picture seen from p’ would look essentially the same. as
the one originally seen from p. The same: remarks apply
to v1ew1ng the picture to the angles ‘between: the pomts

"’ and p”’.

Now to. use this phenomenon in a V1sua1 reglstratlcm
technique, the viewer first places the lenticular screen on
a stereo film and orients the vertical axes of the lenticula-
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embodled in the film, This vertical orientation is most
easily performed by observing moire effects in the form
of dark and light bands that will appear in the picture
when the axes are not lined up. These bands become more
wideély spaced and more nearly vertical as the axes be-
come more. -nearly -aligned. When they are properly
aligned the bands will be vertical and at their maximum
spacing, or disappear from the picture completely.. After
the vertical registration is thus produced so that moire
patterns are minimized, the next step is to align the screen
and the film so that the hypothetical boundary planes 30
of the screen lenticulations coincide with those that were
in front of the film when the picture was taken or when
it was pro;ectlon printed.

This is accomplished by shlftmg the screen and film
relatively to one another until the best picture -appears,
preferably - when the: viewer is-looking substantially per-
pendicularly. to-the film. Attainment of registration re-
quires some judgment, but is easily accomplished with a
little practice.. -

STEREOSCOPIC VIEWING

‘FIGS. 7,.7A and 7B illustrate the principles. of how the
stereoscopic -print 14a prepared in accordance with the
techniques just described can be viewed stereoscopically, a
lenticular viewing screen 12¢ must be placed in front of,
registered with, and secured to the projection print 14a.

In FIG. 7 the numbering-system of the image points
and lenticulations previously employed is continued for
consistency and clarity of explanation, The lenticulation
numbers of the:viewing screen 12¢ have been given the
subscript 4, and correspond numencally to those of the
printing ‘screen 12b. The viewing screen 12¢ must have
the same pitch as that of the printing screen 126 from
which the print 14 was made, but the f/numbers of these
screens need not be the same, For example, if it is desired
to provide a wider viewing angle “a” than that provided
by the printing screen, the viewing screen (assumed here
to have an f/number of f/4) could be provided with a
lower f/number, namely, f/2. This will reduce the num-
ber_of flips or new plctures seen by the observer, should
he change his angle of view, but w111 also reduce the
stereoscopic effect somewhat.

FIG. 7A is an optical dlagram of the. effects obtamed
when viewing the picture as illustrated in FIG.. 7. Because
of the “optlcal capturing action” of the lenticulations of

VL the viewing screen 12¢, only rays emanating from the vari-

ous points of 1z to 7a of the print 144 at their printing
angles can be seen. These points are for purposes of expla-
nation since the exact points seen will vary with the
viewers interocular spacing and the viewing distance. The

... viewing screen forces the eyes of the observer to view vari-

ous objects depicteéd in-thé print 144 long’ angles which are
relatively“the same ‘as those siibtended when' the originial
picture-was taken (FIG. 3). The stereoscopic effect of the
picture is assumed to be due to physiological phenomena

- wherein the ‘brain interprets the angles of the rays enter-

60

ing the two eyes into rélative distances of the objects from
which they ‘émanate. The- print and screen combination
present ‘photographic or printed  images of these objécts
at-angles: which: duplicate the physiological effect that

- would'be ‘obtained if the objéct were real and v1ewed ap-

proximately at:their ‘original relative distances: -

- As illustrated’ in ‘the optical diagram of FIG. 7A, the
days from images A’ of the focal object, which emanate
from image, points 2A, 4A -and 6A, are in. the picture

. plane, so that when the viewer’s eyes focus on these i images,

70
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a reference plane is established subconscxously .The image
of the nearer object C: originates from.the points 7q and
1a and these rays:cross:at'a point C' in front of ‘A’, and
appear to emanate from C’; and hence ‘give ‘the impression
that the original object C (FIG. 3) is nearer to the ob-

* server -than- the- original: object A.Similar phenomena
tions with the axes of the lenticularly produced images: 75 occur relative-to the original more distant object B, which
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now appears to the viewer as an object B’ engendered by
the images 32 and S4. The lines from the observer’s eyes

through the points 3z and 5a appear to intersect at a
point B’ behind the picture plane, and appear to emanate
from this point, so that the brain interprets this smaller
angle of binocular vision as representing a- more distant
object.

FIG. 7B is an enlarged hlghly dlagrammanc view fur-
ther illustrating the principles of picture depth illusion de-
scribed in connection with FIG. 7A. The figure is.a com-
panion to FIGS. 5B and 5D as to mode of presentation. It
will be remembered that the images la to-7a appearing
on the viewing print 14a are “optically captured” by the
presence of the lenticular viewing screen 12c¢ in front of
the print. For an example, the image 7a will be seen by
the right eye of the viewer along the line (C) as will
other rays indicated in dashed lines, which are essentially
parallel to the principal ray (FIG. 2B). It will. be noted
that this also represents a- light gathermg action by the
lenticulation #—-174a, so that the image of 7a is: bright.
Similarly, the image. 1la will be. seen only when- the
viewer’s left eye is directed along the other line (C), and
since. these lines of vision cross at C’, an impression. of
nearness is effected, When the viewer focuses his eyes on
the picture plane and directs them so: that. the .fovea
centralis receives rays from. images 2a and 6a from the
lenticulation number #0a, an image A’ of the object A
in the picture plane is perceived.. Thus, as previously ex-
plained,. the viewer’s brain interprets the angles of. the
bundles of rays as representing conditions: of actual.ob-
serving the objects depicted in the photograph. Thus, the
convergent points A’, B”-and C’ previously mentioned in
connection with FIG. 7A will give the impression - of
depth to the picture, and in fact, if the picture is tilted
about a vertical axis within the viewing angle of the
lenticulations, although the same general picture will be
presented to the observer, as described in connection with
the registration technique, distant points will move in one
direction and near points. in the other, relative to objects
in the picture plane. If the observer turns thé picture or
looks at the picture at a new angle normal to the-picture
plane that exceeds half the viewing angle; the picture will
“flip,” and a new pxcture w1ll appear as prevmusly ex-
plained. .

PRODUCTION OF ISOFLAGS

As indicated earher in the specification, the pnnc1ples
of lenticular screen stereo photography have been outlined
in order that the printing of stereoscopic pictures, of this
type involving the production of what are termed “iso-
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flags” under the present invention, can best be understood. ~

A significant ‘advance in the art represented by the
present invention is that not only is it possible to make a
halftone plate that includes more stereo information than
prior halftone plates for stereo picture printing, but the

55

halftone screen employed in connection with the present ‘

invention can be considerably coarser thah that prev1ous-
ly believed necessary for thisclass of printing. It is well
known that very fine halftone screens present serious
problems to the printer in etching’and printing the re-

or crossed line type halftone screens were used to make
stereo plates, even the finest screens” did- not resulf in
plates that contained very much' sterec information,” '

- For example, FIGS. 8 and 8A are presented as illustra-

60
sultant plates but heretofore, where the conventional grid '~

85

tive of prior stereo processes using a 300 line halftone

screen. Here, a conventional printer: 37 is employed, and
a taking camera negative 14 (which could. be a stereo
negative such as a negative ‘14 produced under the present
invention) is illuminated:by-an illlumination source 38 of

70

conventjonal design: ‘A fixed lens 39 projects the image -~

of negative 14 onto a sensitized film or plate 184 for mak-
ing the printing positive. No lenticular screen’is used,
either at the taking camera negatlve' 14 or at the'plate
184, but for purposes of companson of thls prlor tech-
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nique with the process of the present invention, and to
provide scale, the margins 3¢ of a 100 line lenticular
screen: are indicated in broken lines at the plate 18a. As
illustrated in FIG. 8,  a 300 line halftone screen 16a
(which is commonly required in the processes) is mount-
ed in front of the plate 184. As seen in FIG. 8A the
halftone screen 16a produces a series of dots on the plate
184, the dimensions of which correspond to the intensity
and duration of the light projected onto the plate 18a
through the halftone screen. It can be seen that only
about three of these dots 18b could have been encom-
passed within the width of a single lenticulation of a 100
line lenticular. screen, such as the exemplary screen de-
seribed and used in accordance with the present inven-
tion. Thus, even. though an undesirably fine halftone
screen is employed in this process, only approximately
three bits of stereo information are present in back of
each lenticulation in each horizontal row of dots. Al-
though the halftone screen is shown to be square with the
lenticulations for clarity, it is normally used at some angle
to avoid moire’ patterns. This also increases the stereo
information slightly.

-FIGS. 9 to -11A illustrate significant principles in-

“volv_ed in the production of the isoflags of the present in-

vention, which isoflags contain a relatively unlimited num-
ber, of bits of stereo information across the width of each
lenticulation. FIG. 9 shows how a single lenticulation o
a.lenticular screen 12 converts a bundle of parallel light

.rays in. a cylindrical envelope stnkmg the convex sur-

face 26 of the lenticulation into an 1mage which is a
straight  line .parallel to the lenticulation axis, this being
a cylindrical lents phenomenon.

< FIGS. 10 and 10A show how a 100 line half-tone
screen (although the number of lines is immaterial inso-
far as the principle is concerned) converts envelopes of
dim, neutral and bright light into dots, and how these
dots increase in diameter as the brightness or duration
of the light increases. This is the well known but difficult
to explain phenomenon of halftone screens and it is this
phenomenon which makes a printing plate formed with
a- halftone screen give tonal gradations when the print
from the plate is viewed with the naked eye.

FIGS. 11 and 11A show how the same dim, neutral
and bright bundle of rays illustrated schematically in
FIG. 10, when projected through a 100 line halftone screen
16, produce lines of varying length when a lemticular
screen 125 is interposed behind the halftone screen. It will
be noted: that the image lines on the plate 14a produced
by the dim bundle of rays are the shortest and those pro-
duced by the bright bundle of rays are the longest. Thus
the brlghtness of unages passing through the halftone
screen’ 16 is recorded in terms of the lengths of thin
vertical lmes, the width of each image line being very
small, and- determined by the nature of the emulsion on
the plate 14a and the optical quality of the lenticular
screen 125,

FIG. 12 illustrates the production of the stereo informa-
tion beanng isoflags of the present invention. The taking
camera negative 14 is shown edgewise with the lenticular

: pro;ectlon screen 124 1nterposed in front of the negative.

This is in contrast with the pnor process shown in FIG. 8,
wherein no lenticular screen is provided at the camera
negatlve Dlrectly above the film-screen is shown a frag-
mentary plan representation, in stylized form, of the
density of various zones of the negative 14 across a single
lenticulation. Dots are arrayed on this plan view in order
to illustrate that in the particular lenticulation under con-
sideration the negative density is such that the light trans-
mitted through the negative 14 varies from a maximum at
the left (least dense zone) which is labeled “dim,” through
“neutral,” to “bright” at the right (almost transparent
zone). The terms “dim, neutral and bright” do not refer
to the negative density, but to the relative brightness of
the original objects from which the negative was made.
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In making the halftone plate 14a under the present
invention, and as previously eXplained in connection with
making a simple photographic projection print, the lens
21 of the printer 20 is a small aperture lens that scans
the film being printed through the lenticular screen 12a
and from varying angles. Also, and as previously ex-
plained, lenticular printing screen 12) 'is -interposed in
front of the sensitized plate 14a. In order to produce
the isoflags of the present invention, a halftone grid 16,
referred to initially in this specification, is interposed in
front of a lenticular printing screen 125 which is not
used in prior art processes. In the process being illus-
trated, the haiftone screen 16 is relatively coarse, com-
pared to that required by prior art process. Thus, in FIG.
12, a 100 line halftone screen or grid (which is easily
handled by current printing techniques) is illustrated for,
use in the invention.

The sensitive plate 14a and the associated lenncular
printing screen 12b and halftone screen 16 are moved. in
synchronism with, but at a faster rate than the lens 21, in
accordance with the projection printing prmc1ples pre-
viously described. The result of this process appears as
shown in the series of diagrammatic plan views of the
exposed plate 144, appearing at the bottom of FIG. 12.
As the lens, the screens 16 and 12b and theé plate 14a
are moved to the right (as in FIG. 3B), the “bright” area
of the taking camera negative 14 (which is actually the
denser portion of the negative) first appears as a short
narrow, vertical line at the margin of one of the lenti-
culations. The principles of the vertical line image have
previously been described in connection with FIGS. 11,
11A and the scanning principles of the projection printer
have been described in connection with various FIGS. 5.
The denser the negative (corresponding to bright objects)
the less the light transmitted from the illumination source,
and hence the shorter the isoflag at the plate 144. This
gives the impression of “bright” when viewing the plate
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_of generally dxscrete exposed areas on the plate 14a so
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that the conventional plate making and printing process
can be carried out. FIGS. 14 and 14A are highly en-
larged representations of actual isoflags representing dim
and bright areas of a picture, and the generally continu-
ous-nature rof "the-isoflags within ‘the dimensions of a
lenticulation, -as compared to the individual dots of prior
processes (FIG. 8AY, is apparent ‘from these figures.

“Thie vertical linies in FIGS. 14 and 14A are images formed

at the ‘geometric boundarles between lenticulations, When
viewing the prmted plcture, one does not see these groups
of light lines, except as'the picture “flips” from one view-
ing zone to another...

FIG. 12 merely 111ustrates how the vertical height of
the isoflags at each point is proport10nal to the bright-
ness of the scene at that point, directly or indirectly
dependmg_ upon ‘whether we are dealing with a positive
or a negative. As has been explained, these various 1soﬂag

heights ‘are "actually viewed 'so as to present stereo in-
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formation (FIG. 7B) and the “isoflags align with the
lentlculatlons ‘of the Vlewmg screen “12¢, this alignment
'bemg most precise-at the central group of lenticulations.

. Asa result ‘of the picture taking technique described (e.g.
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14a, because a minimum of the plate emulsion is darkened

by the light.

As the scanning and exposure continues, light from a
“neutral” density portion of the negative 14 gathered by
the lenticule of screen 124 and collimated to: pass through
the lens 21 onto the midportion of the film 14a which is
under the same lenticle of the lenticular- screen 125,
thus producing a longer line image on the screen. As seen
at the bottom of FIG. 12 with the density of film 14
being described by way of example, the presence .of the
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FIG: 3), and the printing through lenticular screens 124
and 125 with the screen 125 béhind the halftone screen
(FIGS 12 and 15), when the picture is viewed through
the viéwing screen 12¢, the left part of each isoflag car-
ries the plcture information for the right eye and vice
versa. This is an important. characteristic of the present
invention and represents an improvement over the man-
ner in which stereo information is presented by mere
halftone - dots printed directly (FIGS. 10 and 10A) on
the ‘base, without benefit"of a lenticular screen during
printing.
A SCANNING CAMERA

In the process of the present invention prevmusly de-
scribed, a scanmng camera 10 and a scanning printer
20 were employed in-order to provide.a camera negative
which gives views from various angles and in order to
provide a-stereo projection print. The particular lenticula-
tions used at both the film and print are not critical to

_ the present invention except as previously pointed out,

45

halftone and lenticular screens at the plate 14a and the :.:

lenticular screen at the film 14 results in a triangular
image on the sensitive plate 14q. This production of light
spots which vary in size in accordance with their intensity,
and conversion of these spots into lines on the plate of

corresponding length continues uniil the “dim” zonme of . (5n. screen 16 from the lenticular screen 12b is deter-

the film 14 is focused by the lens 21 onto the plate 14a,
the bright zones forming the longest images in the isoflags.
The triangular image 40 is completed, as illustrated. at the
bottom of FIG. 12. This image 40 is an isoflag of the
various images on the camera film 14 and contains a con-
tinuous spectrum of stereo information across the’ entire
width of the associated lenticulation. Isoflags-of various
images on the camera film are produced behind all of the
lenticulations.

Of course, the isoflags will not be normally geometrlcal
shapes as shown in FIG. 12. They will have a multitude of
shapes depending upon the illumination and physical-dis-
position of the objects photographed. Also, the presence
of bright objects behind dark objects, etc., coming: into
view or being eclipsed as the scanning proceeds will make
isoflags of a variety of patterns. Stylized varieties of iso-

ﬂag patterns are illustrated on a plate 144 at 40a, 40b etc :

in FIG. 13.

All of the detail of the original p1cture but in a half-
tone screen type array of isoflags, is present in a plate‘
14¢ made in the printer 20 under the present invention.

The isoflags present this siereo information in’the form’
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so long as the required motions of the lens and the film
holder are¢ provided. FIG. 15'is a diagrammatic illustra-
tion' of the mounting of the halftone screen 16 in front
of the lenticular printing screen 126 and the film 14a.
The film carrier mdlcated at generally 41 includes a frame
42 mounting: a ground glass focusing .screen 43. The
filin 14a for formmg the plate and the lenticular screen
12b are held against ‘the ground glass 43 by a frame
44 which mounts the halftone screen 16. Clips 46 hold
the parts res111ently together. The distance of the half-

mined by’ the ‘naturé’ of the screen and is not critical.
It has been found that distances in the order of Y64’
to" 18" are sultable with a normal 100 line glass half-
tone screen and with a lentlcular screen 125 having 100

“ lines to'the inch and an F/number of F/4. A so-called

contact screen would be at & closer spacing or in actual
¢onfact. Of course, it is understood that these aie mere
examples.

FIG. 16 is a simplified diagram of the scanning printer
camera 20, and the prmcxples of this construction can
be employed on the” scanmng taklng camera 10. The
print holdét 41 shown in FIG. 15 is slidably mounted
on rods’50 supported in the camera frame (not shown).
These Tods have mountmgs 51 in the camera frame
(not shown). These” mountings may include control
mwrosthches for stopping the drive motor and terminat-
ing ‘the’ exposure by the ‘camera shutter (not showr) but
these are design ‘refilements not critical to the invention.

~ The" prmt holder i$ adjustably mounted on a rack 52

%5

5 by clamip screws 54 or the like extending through slotted

ears on'the print holdef. This .construction permits racks
52 of various vertical dimensions to be fitted to the print
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holder. The lens board 56 for the lens 21 slides rods
50a and is supported on a rack 52z by a similar. vertical
adjustment 54a. The lens 21 is assembled with.a shutter
and- diaphram stop (not shown).  The lens 21 and the
print holder 41 are simultaneously moved-in accordance
with the principles previously discussed in order to view
the negative on an illuminated negative holder 58 from
various angles: through its - superposed lenticular-screen
and to successively expose- the print film in the print
holder 41 behind the halftone screen and the lentlcular
screen (FIG. 12).

The - construction and - 111um1nauon of the negative
holder: 58 -are conventional, In .order to cause the léns
21 and print holder 41 to scan at-the-proper velocity
ratio to simultaneously produce the desired travel, these
elements are:simultaneously driven by a-gear motor 60,
the speed of which is to be controlled by any conven-
tional means, not. shown, to regulate the exposure. The
shaft 62 of the gear motor mounts a 72 tooth gear. 64
for driving the rack 52 of the print holder 41 and a 36
tooth gear 66 for driving the rack 52a of the lens 21.
These ratios have been selected merely by way-of exam-
ple and are the proper ratios (same pitch gears) for
the dimensions of the printer and the spacings of the
negative from the lens 21 illustrated in FIG. 5. If the
distances between .the lens 21 and the: print holder 40
is changed, the number of teeth on the lens board driv-
ing gear 66 is changed accordingly, This normally would
require.-adjusting  the . vertical position of the rack 52a
to maintain mesh. of the teeth without disturbing the
optical axis alignment of the lens. Also, the print holder

‘rack .52 can be adjusted and its drive pinion.64 re-

placed if it is desxred to. vary the sweep of the prmt
holder. .

The scannmg camera 10 can be of a. constructlon
Slmlla_l' to- that of .the printer 20 shown schematically in
FIG. 16..For a picture set-up like that of FIG. 3B, the
gear 64 for driving the print holder can also be a- 72
tooth. gear, -but . this. holder is now ‘used.as a holder for
the taking lenticular. screen 12 and the camera film 14.
The gear 66 for driving the lens board 56.for the camera
lens 11 would be a 52 tooth .gear . for producmg the
scanning. effect of FIGS 3 and 3B. Of course, the object
A focused upon. would be m the: posmon of. the prmt
holder 58. o

MOIRE’ PATTERN ELIMINATION

In’ cases where the use of the two lenncular screens
reqmred in the printing step (FIGS. 4 and 12) produces
moire ‘patterns to an unacceptable etxent, the two lenti-
cular screens 12a¢ and 12b may be relatxvely inclined.

by an angle ‘of about 15°, thereby improving picture

quality. Preferably the screen 125 will be vertically dis-
posed Details of th1s technique, which may be employed
in the prmtmg process of the present invention, are ex-
plained in the aforesaid apphcatlon of Winnek, Ser. No.
525,572, filed Feb. 7, 1966, now Pat. No. 3,409, 351
granted Nov. 5, 1968, for composite stereography.

.. USE OF AN INSTANTANEOUS CAMERA .

‘:Stereoscoplc pictires and prints ‘which give the- eﬁect
of “those ‘previously "described can "also be made with

instantaneous wide ‘lens camera equipment. The camera

and pnnter previously described employ ‘mechanical
scanning during takmg ‘of the picture and ‘during pro-

jection prmtmg *It'is possible’ to accomphsh comparable’

results by using what will be termed ° optlcal scanning”

both -at the ‘camera and" at ‘the ‘projection’ printer. ‘As’
explained in the aforesaid WinnekPat: No. 2,562,077,

the use of the wide lens camera for taking stereb‘ pictures
is known in the art, but this camera has-two' character-
istics not present in the mechnical scanning camera pre-
viously described. One of these’ characteristics is that
an instantaneous wide lens camera produces a pseudo-
scopic negative, that is, a negative wherein objects re-
mote from the picture plane appear to be nearer than

10

15

20

25

30

35

40

45

50

55-

60

65:

70

75

18

the picture plane and vice versa. The other character-
istic is that the camera must have a “wide lens,” that
is, a' lens whose horizontal dimension is in the. order of
occular separation (interpupilary distance) of the eyes
and preferably larger than that seperation. Such lenses
are expensive to manufacture.

In the optical diagram of FIG. 17, a taking camera
10a having a wide lens 114 is shown. This:lens has a
6.92 inch horizontal aperture and a small vertical aper-
ture (about ¥ inch). The lens illustrated has a 20 inch
focal length and hence, has an f/number (horizontal) of
f/3.46. The camera film is assumed. in this example to
be 27.7 inches behind the lens. The object A in the picture
plane on which the.camera lens is:focused is 72 inches
from the lens and a remote object B 36 inches behind
A is illustrated.. A near object C (36" in front of the
picture plane) is also shown. For simplicity of illustra-
tion, in FIG. 7 and FIG. 17A only boundary rays from
the remote object B are illustrated.

It will be assumed that the lenticular screen 12d in

front of the camera film 14¢, has 100 lines per inch and an
f/number -of f/4. Under these conditions, and with a
20" focal length lens, rays (B) from.object B will be
focused by the lens at.a point B’ which is 3.15 inches
from the film 14c. These rays will produce images 3
and 5 on the film. These images will be separated by
a distance of about 0.889 inch which means that each
of these points is approximately 0.445 inch from the
optical axis of the camera. In order to provide right and
left orientation of the scene, a small arrow is shown
behind object B and in accordance with known prin-
ciples this orientation is maintained to one viewing the
film 14c from the vantage point of the lens 11a, as is
true in any camera. Thus a duplicate arrow pointing
from image § toward image 3 is drawn behind the film
14c.
- Since the images 3,5 are about 0.889 inch apart, as
seen in FIG, 17A, the images 3,5 will appear behind
lenticulations # +44 and # —44 respectively with a 100
line screen, using the same numbering system for the
lenticulations previously employed.

In order to physically spread out the boundary rays
from all three objects A, B and C and illustrate their
relative position, the highly compressed and distorted
diagram of FIG. 18 is provided. The numbering system
for the images from the various objects A, B and C is
that previously adopted. It will be noticed that the cen-
tral lenticule, #0, is just filled by the rays from the prin-
cipal object ‘A, which minimizes the perception of vertical
lines-or bands in the print previously mentioned in con-
nection with registration,

FIG. 19 is an optical diagram drawn to the scale of
the diagram of the taking camera in FIG. 17 showing a
wide lens projection printing process embodying the pres-
ent invention. In this diagram a wide lens instantaneous
printer 20¢ is employed having a lens 21a of 13.85 inch
focal length and an f/number of f/2. This lens will have
a horizontal aperture of about 6.92 inches and a rela-
tively small vertical aperture. The lens is chosen to ac-
commodate the same rays that passed through the lens
and onto the film of the taking camera and is shown dis-
posed for magnification during printing of 1 to 1. The
distance from the lens 214 to the camera film 14c is 27.7
inches as is the distance from the lens to the printing film
or plate 14d. A lenticular screen 12e¢ is disposed in front of
the taking regative film 14c¢ and in the example will also
be a 100 line screen. A lenticular screen 12f is also
mounted in-front of the print film 144 as previously de-
scribed and although this screen need not have the same
pitch as the lenticular screen 12e, it will be assumed that
this is also a 100 line screen.

A 100 line halftone screen 16 of the conventional grid
type is mounted in front of the print lenticular screen 12f
in order to produce isoflags in accordance with the prin-

-ciples previously described. In the optical diagram of
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FIG. 19, only the two most divergent (boundary) prin-
.cipal rays associated with the object B are illustrated to
avoid complication of the figure. These rays_originate
from points 3, 5-on the taking camera negative 14c, cross
at point B” in front of the film as previously described
and are picked up by the outer edges of the wide lens
21a. .Since -the point B’ is 3.15 inches in front of the
camera negative 14c¢, the lens 21a will bring it to: a
focus at a- point 4.05 inches in back: of the print film
144 by well known-optical principles. Thus, the images
3 and 5 on the camera film 14c, as directed by both
lenticular screens, will form images 3¢ and 5a on -the
print film' 14d, and these images will be spaced apirt by
a distance equal to 0.884 inch. It will be noted that the

orientation of images as indicated by the small arrow at

each film is maintained, the arrow running from image
5 to image 3 in-the camera negative 14c and from 5a to
3a at the projection plate 14d.

If an observer’s eye were placed at the lens in FIG. 17,
‘the ‘arrow at object B would point to the right and the
right eye would see the ray images at 3. If the observer
now turned around and observed the picture just taken
(negative 14C) the arrow would still point to the right
but now the left eye would see image 3 and object. B”
would .appear to be in front of the picture, while the real
object B-was in back of the plane of principal focus con-
taining object A. It is thus seen that the stereoscopic views
are seen by the wrong eye making distant objects appear
in front of ‘the picture plane and- near objects appear
behind the prcture plane. The picture is, therefore, pseudo-
scopic and if a viewer moved his head back and forth in
observing the picture, he would note that foregrourd and
background ob]ects would move in the wrong direction
relative to ob]ects in the picture plane.

FIG. 19A is an enlarged highly diagrammatic view
which is necessarily broken along the optical axis because
of the scale of the drawing. This view resembles ‘in prin-
'crple the views such as FIGS. 5B and 5D illustrating opera-
tion of the scanning projection printer. It can be seen how
‘image points 5 and 3 of the taking camera négative 14c
originate from the base of lenticulations #-44 and 44
respectively and how they are focused at the base: of
lenticulations #-—44 and +44 as image points 54 and
3a, respectively, at the plate 14d.

FIG. 20 is an axially shortened diagram drawn show-
ing rays number 3 and 5 crossing at point B” as pre-
viously described, as well as boundary rays for image
points 2 and 6 for the focal object A”, and 1 and 7 for
the near object C”, and how they are imaged jon the
projection plate 14c by the printer lens 21a. The optical
considerations previously described cause the image points
2 and 6 for the focal object A to cross at A”” and to be
brought to focus at a point A3, which is at the center
of curvature of lenticulation No. 0 as previously described
in connection with FIG. 5. The image points 2a and 6a
and points between will just fill the central lent1culatron
of the screen 12f.

The image points 1 and 7 for the near object C which,
as previously described appears to focus at C* behind the
camera negative 14¢ (because of the fact that this is.a
pseudoscopic negative) will now be focused by the pro-
jection lens 21a at a point C3 in front of the print film
14d. The image points of the rays crossing at C3 appear
as points 1z and 7a on the print film 144. Thus, FIG. 20
shows how proper adjustment of the optical distances in-
volved, relative to the characteristics of the projection lens
21a, converts the pseudoscopic camera negative 14¢ into
a true steroscopic negative 14d which will be viewable in
accordance with the principles previously described. It can
also be seen from FIG. 20 how the wide lens 214, properly
positioned, has caused optical scanning of the camera
negative 14c during projection to produce effects on the
print film 144 through its lenticular screen 12f that are
comparable to those produced by the small.aperture me-
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chanically scanned lens 21 of the previous embodiment
of the invention.

FIG. 21 of the dragram showing how a viewer obtams
a true. or orthoscopic stereo effect from a print 184 made
from the plate 14d to which a viewing lenticulation screen
12¢ has been applied, with the object C appearing at the
point C3 in front of the film and the object B-appearing
at a point B3 behind -the film as previously described. -

The. optical:scanning provided by the.wide lens instan-
taneous printing -process illustrated in FIG. 20 produces
isoﬂags on a print film 144 when the halftone screen 16
is disposed in front of the:lenticular screen-12f i in accord—
ance wiih:the principles previously described. N

Thus, it can be seen that both the mechamcal and
optical  scanning: systems. described..make it possible:to
produce a printing plate bearing ‘isoflags, each of -which
embodies stereo information -across the éntire width of'a
lenticulation, and yet.can be produced using-a-halftone
screen of commercial mesh (e.g.a 100 line screen) with-
out need for resort to. a very fine screen. Alternatively,. a
200 or 300 line lenticular screem:can-be- employed for
printing press pictures’ made- from- a: printing ‘plate: pro-
duced with a 100 or 200 line halftone screen.: Although
the process was described “using lenticular and -halftone
screens’ with. the same number of lines per inch for sim-
plicity- of explanation, it is not necessary-to do so, and
in fact it is-generally preferred to use -a halftone screen
‘with-either more or less lmes per 1nch than the lentrcular
screen.

~InFIG. 12 a halftone grrd 16 has a: prtch which pro-
vides one: dot or “aperture per -lenticulation,- across the
screen 126, The . preferred range. is from"%2 'dot- per
lenticulation (coarser) to 15 dots per lenticulation
(finer). Where the halftone grid dots overlap lenticula-
tions, thos¢ dots are formed into' individual “isoflags- be~
hind each of the overlapped lenticulations, although some
of these 1soﬂags will not span an entrre lentrculatron

DEFINITIONS

In order to. srmplrfy ‘the clarms SO that they may more
clearly point out the invention, the followmg terms used
in the claims are defined below, and mcorporated by ref-
erence mto the clarms

LENTICULAR SCREEN

A thin ‘sheet of optically clear materral, such as a
transparent sheet of.plastic or glass, and- havmg a planar
rear-face or base, and a front-face ;which is corrugated
to form lenticulations or lenticules;

LENTICULATION LENTICULE

A smgle element of a-lenticular:screen bounded at rts
front face by a ¢ylindrical or ‘othéer appropiiate lens sur-
face, at its rear face by "a base ‘surface forming’ part of
the base of the entire screen, and at its sides by planes
parallel to the optical axis of ‘the cylmdrlcal lens and
intersecting” the edges of the cylmdncal lens. The mate-
rial from which the:lenticular “scréen is- formed: has an
index of refraction such that objects at mﬁmty .are
brought to focus by the lens at the lentrculatron_‘

FILM, PLATE NEGATIVE -

These terms refer. to the usual sheets of - glass, metal
cellulose acetate, or other flexible- materials and. plastics
coated - wrth a . light-sensitive :emulsion, developed and
fixed -as -required within the context of the claim..The
term_s .are not:limited to.the original film, etc., but in-
clude duplicates and enlargements. thereof, :Since coms
mercial  printing- techniques: vary,: these. .terms. include
negatives, :positives . and. internegatives, -etc.- Also, -the
sensitive -emulsion-can be vapplied directly. to the rear face
of the lenticular: screens, in -which .case: the- film; .plate,
negative, etc., and- the screen are merely handled physr«
cally as-a unit.: R : .
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The term “scanning™ refers to the “seeing” of original
objects or pictures thereof by a camera or printer lens
continuously through an angle of “vision™ or “seeing”
whose base line is in the order of the interpupilary dis-
tance of the eyes or greater; coupled with recording the
spectrum of images thus seen on a film, plate,. etc.,
through a continuous angle. This term-encompasses both
optical . (wide lens) scanning and mechanical scanning
wherein elements of the camera or printer are moved in
synchromsm

Although the best modes heretofore contemplated for
carrying out the present invention have been herein shown
and described, it will be apparent that modification and
variation may be made without departing from what is
regarded to. be the subject matter of the invention as set
forth in the appended claims.

Having completed a detailed descrrptlon of the invens=
tion so that those skilled in the art could practlce the
same, I claim:

1. The method of producmg a halftone mechanical
printing plate for mechanical printing copy which gives
stereoscopic scenes when viewed through a lenticular
screen; said method comprising the “steps of projection
printing a stereo picture that was taken with a lenticular
screen through a projection lenticular screen of the same
pitch onto a sensitive surface disposed behind a printing
lenticular screen and with a:double grid type halftone
screen in front of the printing lenticular screen, and caus-
ing the images of objects that were in the focal plane of
the stereo picture to be scanned across only one of a
relatively few lenticulations of the printing lenticular
screen during exposure, and simultaneously causing the
images of objects that were inside the focal plane to scan
across a relatively large mumber of the printing screen
lenticulations while causing the images of the objects that
were outside the focal plane to scan in the opposite direc-
tion across a relatively large number of the printing
screen -lenticulations, and illuminating the stereo picture
while so exposing the sensitive surface so that discrete iso-~
flags are formed on that surface behind each printing
screen lenticulation by the effect of those lenticulations
on the light passing through the halftone screen, with
the dimensions of each portion of an individual isoflag,
measured parallel: to the associated lenticulation axis;
being proportional to the intensity of the light emanat-
ing from the corresponding image in the stereo picture.

2. A method as defined in claim 1 which in said projec-
tion printing includes maintaining said double grid half-

tone screen’ disposed at .an angle to rather than square.

with the lenticulations of the printing lenticular screen.

3. A method for producing a modified, stereoscopically
resolvable photographic print, suitable for making-a Half-
tone mechanical printing plate, from a picture photo-
graphically made with a taking lenticular screen and con-
taining stereoscopic image components in vertical regrons
correspondmg to the lenticulations of the taklng screen,
comprising projection printing the said picture through a

crossed line grid type halftone screen and a lenticular,
prmtmg screen onto a sirface ‘while effectuating a scan-’

ning, of the picture during exposure through a projection
lenticular screen of the same pitch as that of the tak-
ing screen for causing the image components on the pic-
ture behind the lenticulations of its projection screen to
form corresponding. image components on the surface
behind the lenticulations of its printing screen and with

the dimension of each image component formed through

an aperture of the halftone grid, along the adjacent
lenticulation, being proportional to the intensity of the
light projected through that aperture, said projection print-
ing being effected while maintaining said halftone screen
disposed at an angle to rather than square with the
lenticulations of said lenticular printing screen, and said
projection printing operation producing on said surface a
photographic print in which the resultant composite
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images constitute isoflags suitable for the production of
a mechanical printing plate from said last mentioned
photographic print.

4. The process of claim 3, wherein the picture is scanned
by synchronously moving a projection printing lens and
the assemblage of the surface, printing lenticular screen
and the halftone screen so that the image on the surface
behind the central lenticulation of its printing lenticular
screen occupies substantially the full width of that lentic-
ulation, and corresponds to the image on the picture
that is behind the central lenticulation of its prOJectron
lenticular screen.

5. A method of producing a modified, stereoscopically
resolvable copy, suitable for making a halftone mechani-
cal printing plate, from a picture that consists of parallel
picture- components each containing a multiplicity of
parallel sets of stereo elements that are resolvable by a
lenticular screen which when placed against said picture
has-parallel lenticular ridges in registration with said com-
ponents, comprising establishing said screen in registration
with said picture; illuminating said picture, and projecting
light from said picture through its said screen and onto a
photographically sensitive surface after passing through a
second, parallel-ridged lenticular screen adjacent to said
last-mentioned surface, to form images of said stereo ele-
ments on said surface, while traversing said projected light
through a halftone grid as it approaches said second lentic-
ular screen, to produce, in coaction with said second lentic-
ular screen, said stereo element images in the form of
stereoscopically resolvable, halftone image components
corresponding to apertures of said grid but narrowed by
said second screen and each having an elongation parallel
to the screen ridges that is dependent on the intensity of
the light projected for such stereo element image from
the picture, for photographically constituting on said sur-
face said modified copy of said picture, that is composed
of halftone elements which are discrete continuums each
consisting of one or more of said image components, and
that-is -suitable for making a mechanical printing plate,
said halftone grid being a crossed line halftone screen and
said projecting operation being effected while maintain-
ing said halftone screen disposed at an angle to rather
than square with the ridges of said second lenticular
screen. e

6. A method as defined in claim 5, in which in the
aforesaid picture the sets of stereo elements have an order
transverse of each parallel picture component such that
the ‘picture is orthoscopic when stereoscopically resolved,
and in which said projecting step includes optically direct-
ing the image-forming light from said stereo elements to
form said stereo element images disposed in the same
aforesaid order on the photographically sensitive surface,
so that the produced, stereoscopically resolvable copy is
orthoscoplc

7. A method as defined in claim 5, in which in the afore-
sard _picture the sets of stereo elements have an order
transverse’ ‘of each parallel picture component such that
the prcture is pseudoscopic when stereoscopically re-
solved, and in which said projecting step includes optically
drrectmg the image-forming light from said stereo ele-
ments to form said stereo element images disposed in re-
versed order on the photographically sensitive surface,
so that the produced, stereoscopically resolvable copy is
orthoscoplc

8. In a process for producing stereoscopic printing plates
for mechanically printing pictures to be viewed through
a vertical lenticular screen, the procedure comprising ef-
fecting a projection photographic printing from a“stereo-
scopically resolvable photograph of a scene made from a
continuous, series of horizontal viewing positions and
through a lenticular screen having a predetermined pitch
of lenticulations and containing a multiplicity of image
components behind each lenticulation, said projection
printing comprising projecting light from said picture
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through a vertical lenticular projection screen in:front of
the, picture and of .the same: pitch as the first-mentioned
screen, through a printing lens, through a crossed. line
grid.-type halftone ‘screen, through a printing -lenticular
screen, and onto a photographically sensitive surface, said
crossed line screen. being disposed at an angle to rather
than square with the lenticulations of said printing lentic-
ular screen, said projection printing being effected through
essentially the same viewing angles as those from which
the ‘original photograph was taken and said.projection
printing being effective to produce images on the sensitive
surface behind the lenticulations of said: second:screen
corresponding to the .aforesaid image components of the
picture, and with the dimensions of each image compo-

10

nent formed through apertures of said halftone screen, 15

along corresponding lenticulations, being proportxonal
to the infensity of the light that was pro;ected through
those dpertares in each part of the prOJectlon _
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